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(54) Exhaust gas purification system of internal combustion engine 



(57) A system for purifying exhaust gas generated 
by an internal combustion engine (10) having an adsorb- 
ent (74), installed in an exhaust system of the engine, 
which adsorbs unburned components of the exhaust 
gas such as hydrocarbons generated by the engine. The 
system has a first temperature sensor (104) for detect- 



ing a temperature of the adsorbent and a timer (ECU 
86) for measuring a time until the detected temperature 
becomes greater than or equal to a predetermined val- 
ue; when the measured time is less than a threshold val- 
ue, it is discriminated that the adsorbent deteriorates. 
With this, the deterioration of the adsorbent can be dis- 
criminated accurately. 
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Description 

[0001] This invention relates to an exhaust gas puri- 
fication system of an internal combustion engine, more 
particularly to a system for discriminating the deteriora- s 
tion of an adsorbent which adsorbs unbumed compo- 
nents of the exhaust gas generated by the engine to en- 
hance exhaust gas purification. 

[0002] Internal combustion engines are ordinarily pro- 
vided with a catalyst (a three-way catalytic converter) in 10 
the exhaust system which removes HC, NOx and CO 
components in the exhaust gas generated by the en- 
gine. However, when the engine is cold started, for ex- 
ample, and the catalyst is not activated, unburned com- 
ponents of the exhaust gas, in particular, unbumed hy- is 
drocarbons (HC) are immediately exhausted to the at- 
mosphere. 

[0003] For that reason, there is proposed an exhaust 
gas purification system in Japanese Laid-Open Patent 
Application Hei 9 (1997) - 324,621. In the system, the 20 
exhaust pipe is branched out at a location downstream 
of the catalyst and the bypass is provided with an ad- 
sorbent made of a zeolite material or some similar ma- 
terials which adsorbs unbumed components when the 
catalyst is not activated and desorbs the same after the 25 
catalyst has been activated to be recirculated to the en- 
gine intake system and burned again in the combustion 
chambers. Also the applicant proposed a similar system 
in Japanese Laid-Open Patent Applications Hei 10 
(1998) - 153,112. oo 
[0004] Since if the adsorbent deteriorates it will not 
achieve the expected performance it is preferable to 
monitor and discriminate whether the adsorbent deteri- 
orates. 

[0005] The object of the invention is therefore to pro- 35 
vide an exhaust gas purification system of an internal 
combustion engine having an adsorbent for adsorbing 
unbumed components of the exhaust gas generated by 
the engine, which monitors and discriminates whether 
the adsorbent deteriorates. 40 
[0006] Moreover, aside from the deterioration, when 
the adsorbent adsorbs the unburned components there 
is a limit beyond which it can adsorb no more. When this 
limit is exceeded and exhaust gas is supplied to the ad- 
sorbent the adsorbed components such as hydrocar- 45 
bons would, upon desorption, immediately be emitted 
to the air. In such an instance, the supply of exhaust gas 
to the adsorbent should accordingly be discontinued as 
quickly as possible. 

[0007] A second object of the invention is therefore to so 
provide an exhaust gas purification system of an internal 
combustion engine having an adsorbent for adsorbing 
unburned components of the exhaust gas generated by 
the engine, which can discontinue the supply of exhaust 
gas to the adsorbent when the adsorbent has adsorbed ss 
the unburned components up to its limit. 
[0008] This invention achieves this object by provid- 
ing a system for purifying exhaust gas generated by an 



internal combustion engine having an adsorbent, in- 
stalled in an exhaust system of the engine, which ad- 
sorbs unbumed components of the exhaust gas gener- 
ated by the engine when the engine has started, com- 
prising: a first temperature sensor for detecting at least 
one of a temperature of the adsorbent and a tempera- 
ture at a location downstream of the adsorbent; time 
measuring means for measuring a time until the detect- 
ed temperature becomes greater than or equal to a pre- 
determined value; and adsorbent deterioration discrim- 
inating means for discriminating whether the adsorbent 
deteriorates based on at least the measured time. 
[0009] These and other objects and advantages of the 
invention will be more apparent from the following de- 
scription and drawings, in which: 

Figure 1 is an overall schematic view showing an 
exhaust gas purification system of an internal com- 
bustion engine according to the present invention 
having an adsorbent installed in the engine exhaust 
system which adsorbs the unburned components 
such as hydrocarbons generated by the engine; 
Figure 2 is a cross-sectional view taken along the 
line ll-ll in Figure 1; 

Figure 3 is a block diagram showing the details of 
an electronic control unit (ECU) illustrated in Figure 
1 ; 

Figure 4 is a flow chart showing the operation of the 
system illustrated in Figure 1, more specifically, the 
discrimination whether the adsorbent deteriorates; 
Figure 5 is an explanatory view showing tempera- 
ture-measuring points at or near the adsorbent in- 
stalled in the engine exhaust system for explaining 
the deterioration discrimination in the system ac- 
cording to the present invention; 
Figure 6 is an explanatory time chart showing the 
change of temperature measured in the manner il- 
lustrated in Figure 5; 

Figure 7 is a view, similar to Figure 6, but similarly 
showing the behavior of the measured temperature 
more specifically; 

Figure 8 is a view, similar to Figure 6, but similarly 
showing the behavior of the measured temperature 
more specifically; 

Figure 9 is a view, similar to Figure 6, but similarly 
showing the behavior of the measured temperature 
more specifically; 

Figure 10 is an explanatory graph showing charac- 
teristics of a threshold value referred to in the flow 
chart of Figure 4; 

Figure 11 is a flow chart showing the subroutine for 
calculation of an estimated adsorbed hydrocarbon 
amount referred to in the flow chart of Figure 4; 
Figure 12 is a flow chart showing the subroutine of 
discrimination of adsorbent deterioration referred to 
in the flow chart of Figure 4; 

Figure 1 3 is a flow chart showing the subroutine for 
discrimination of purging of adsorbed hydrocarbons 
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referred to in the flow chart of Figure 4; 
Figure 14 is an explanatory graph showing charac- 
teristics of an estimated quantity of EGR flow re- 
ferred to in the flow chart of Figure 1 3; 
Figure 15 is a view, similar to Figure 4, but showing 
the operation of an exhaust gas purification system 
according to a second embodiment of the present 
invention; 

Figure 16 is an explanatory view, similar to Figure 
4, but showing temperature-measuring points at or 
near the adsorbent in the first and second embodi- 
ments of the system according to the present inven- 
tion; and 

Figure 17 is an explanatory view, similar to Figure 
4, but showing temperature-measuring points at or 
near the adsorbent in a configuration which is dif- 
ferent from the first and second embodiments of the 
system according to the present invention. 

[0010] Embodiments of the invention will now be ex- 
plained by way of example only and with reference to 
the drawings. 

[0011] Figure 1 is an overview of an exhaust gas pu- 
rification system of an internal combustion engine ac- 
cording to the invention. 

[001 2] Reference numeral 1 0 in this figure designates 
an overhead cam (OHC) in-line four-cylinder internal 
combustion engine. Air drawn into an air intake pipe or 
passage 1 2 through an air cleaner (not shown) mounted 
separately is supplied to the first to fourth cylinders (only 
one is shown) through a surge tank 16, an intake man- 
ifold 18 and two intake valves 20 (only one is shown), 
while the flow thereof is adjusted by a throttle valve 14. 
The throttle valve 14 is bypassed by a bypass 22 pro- 
vided at the air intake pipe 12. A valve (EACV) 24 com- 
prised of an electromagnetic solenoid valve is installed 
in the bypass 22 for closing the same. 
[0013] A fuel injector 26 is installed in the vicinity of 
the intake valves 20 of each cylinder for injecting fuel 
into a combustion chamber 28 of the cylinder con- 
cerned. The injected fuel mixes with the intake air to 
form an air-fuel mixture that is supplied into the cylinder 
chamber and is ignited there by a spark plug (not 
shown). The resulting combustion of the air-fuel mixture 
drives a piston 30 downward in the figure. 
[0014] The exhaust gas produced by the combustion 
is discharged through two exhaust valves 34 (only one 
is shown) into an exhaust manifold 36, from where it 
passes through an exhaust pipe or passage 38 to a first 
catalyst (catalytic converter) 40 installed immediately 
below the exhaust manifold 36 and a second catalyst 
42 and a third catalyst 44 (all three-way catalytic con- 
verters) where noxious components are removed there- 
from before it is discharged to the atmosphere via a ve- 
hicle rear assembly 46 including a muffler and a tail pipe 
(neither shown). 

[0015] The engine 10 is equipped with a variable 
valve timing mechanism 50 (illustrated as "V/T" in Figure 



1). The variable valve timing mechanism 50 switches 
the opening/closing timing of the intake and/or exhaust 
valves between two types of timing characteristics, a 
characteristic for low engine speed and a characteristic 
5 for high engine speed, in response to the engine speed 
NE and the absolute manifold pressure PBA. Since this 
is a well-known mechanism, however, it will not be de- 
scribed further here. 

[001 6] The exhaust pipe 38 is connected with a cham- 
io ber 52, in a cylindrical shape, at a location downstream 
of the third catalyst 44. More specifically, the exhaust 
pipe 38 is branched off downstream of the third catalyst 
44 to form a branch 54. The branch 54 is connected to 
the chamber 52 which is air-tightly connected to the ex- 
haust pipe 38 to surround the same. With this, there are 
formed, as passages for exhaust gas flow, a main ex- 
haust gas passage 38a passing through the inside of 
the exhaust pipe 38 and a bypass exhaust gas passage 
56 passing through the inside of the branch 54 and the 

20 inner space of the chamber 52. 

[001 7] A combination of valves are provided in the vi- 
cinity of the branching point, i.e., in terms of exhaust gas 
flow, at the entrance of the chamber 52. The combina- 
tion of valves comprises of, an exhaust pipe valve 58 

25 which opens/closes the main exhaust gas passage 38a 
and a bypass valve 60 which opens/closes the bypass 
exhaust gas passage 56. More precisely, the valves 58, 
60 are of butterfly-type (like the throttle valve 14) and 
the valve 58 is comprised of a first disk (vane) 58a, and 

30 the valve 60 is comprised of a second disk (vane) 60a. 
A shaft 58b is provided to connect the first and second 
disks 58a, 60a. The disks 58a, 60a are connected to the 
shaft 58b at right angles (90 degrees) with each other 
such that when the first disk 58a (i.e., the valve 58) clos- 
es es the main exhaust gas passage 38a, the second disk 
60a (i.e., the valve 60) opens the bypass exhaust gas 
passage 56. And vice versa, when the first disk 58a (the 
valve 58) opens the main exhaust gas passage 38a, the 
second disk 60a (the valve 60) closes the bypass ex- 

40 haust gas passage 56. 

[001 8] The shaft 58b is connected to a valve actuator 
64. The valve actuator 64 has a conduit 66 which is con- 
nected to the air intake pipe 12 at a location downstream 
of the throttle varve 14. The valve actuator 64 operates 

45 the exhaust pipe valve 58 to close the main exhaust gas 
passage 38a and the bypass valve 60 to open the by- 
pass exhaust gas passage 56, when a negative pres- 
sure is introduced from the intake air pipe 12 through 
the conduit 66. In other words, unless a negative pres- 

50 sure is introduced in the actuator 64, the exhaust pipe 
valve 58 is forced to open the main exhaust gas passage 
38a and the bypass valve 60 is forced to close the by- 
pass exhaust gas passage 56, as shown in Figure 1. 
[001 9] An electromagnetic solenoid valve (referred to 

55 later as "TRPV") 68 is installed in the conduit.66, which 
opens/closes the conduit in response to a command 
generated by and sent from an Electronic Control Unit 
(referred to later as "ECU") 86. Thus, the valve actuator 
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64 operates to open or close the valve 58, 60. 
[0020] The chamber 52 Is configured to completely 
encircle the exhaust pipe 38 such that a space (the 
aforesaid inner space) 72 is formed along the exhaust 
pipe 38 between the exhaust pipe 38 and the chamber 
52. An adsorbent 74, comprising a first half 74a and a 
second half 74b each carried on a carrier or bed in hon- 
eycomb shape, is housed in the space 72 at a position 
downstream or close to the vehicle rear assembly 46. 
[0021] The adsorbent 74 is preferably made from a 
material comprised of a mixture of crystalline alumino- 
silicate and a catalyzer element, preferably a mixture of 
ZSM-5 zeolite and a catalyzer element as is proposed 
by the applicant in Japanese Laid-Open Patent Appli- 
cation No. Hei 8 (1 996) - 71 ,427. 
[0022] The crystalline aluminosilicate is heat-resist- 
ant to a temperature of 900 0 C to 1 000 0 C and exhibits 
excellent heat-proof property compared to the active 
carbon used in the prior art. The adsorbent 74 adsorbs 
the unburned components such as hydrocarbons (here- 
inafter referred to B HC) in the exhaust gas under low 
ambient temperature, i.e., when the exhaust system 
temperature is at or below 100 0 C and desorbs or re- 
leases the captured HC at the exhaust system temper- 
ature of 1 00 ° C to 250° C. 

[0023] The exhaust pipe 38 is provided, at its far end, 
with four holes 76 which are circumferentially located at 
intervals of 90 degrees. The bypass exhaust gas pas- 
sage 56 is thus formed from the branch 54 and extends 
into the chamber 52 (the space 72) via the adsorbent 
74 up to holes 76 (a confluence point 78) where it merg- 
es into the main exhaust gas passage 38a in the exhaust 
pipe 38. As illustrated in Figure 2, the chamber is circular 
in cross section and encircles the exhaust pipe 38 in 
such a manner that the adsorbent 74 is positioned as 
close to the exhaust pipe 38 as possible to receive heat 
such that it desorbs or releases the adsorbed HC to be 
recirculated (purged) to the engine air intake system. 
[0024] The chamber is connected, at or near the en- 
trance, i.e., at a position upstream of the adsorbent 74, 
to an EGR conduit 82. The EGR conduit 82 is connect- 
ed, at the other end, to the air intake pipe 1 2 at a position 
downstream of the throttle valve 14. The EGR conduit 
82 is provided with an EGR control valve (electromag- 
netic solenoid valve) 84 which closes the conduit in re- 
sponse to a command generated by and sent from the 
ECU 86. The amount of lifting or stroke of the valve 84 
is sensed by a lift sensor 88 and based on the sensed 
value, the ECU 86 controls the quantity of EGR flow. 
[0025] The ignition distributor (not shown) of the en- 
gine 10 is provided with a crank angle sensor 90 which 
generates a signal indicative of Top Dead Center of the 
piston 30 and a signal indicative of unit angles divided 
into smaller values. The engine 10 isjurther provided 
with a throttle position sensor 92 which generates a sig- 
nal indicative of the degree of opening 0TH of the throttle 
valve 14, a manifold absolute pressure (MAP) sensor 
94 which generates a signal indicative of the aforesaid 
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absolute manifold pressure PBA of the intake manifold 
downstream of the throttle valve 14 in terms of absolute 
value, and a coolant temperature sensor 96 installed in 
the vicinity of a coolant passage (not shown) of the en- 
5 gine which generates a signal indicative of the temper- 
ature TW of the engine coolant. 

[0026] Further, a universal air/fuel ratio sensor 98 
(named LAF sensor) is provided in the exhaust pipe 38 
at or downstream of a confluence point of the exhaust 

io manifold 36 and upstream of the first catalyst 40, where 
it generates a signal indicative of the oxygen concentra- 
tion in the exhaust gas, as explained later. In addition, 
an 0 2 sensor 100 is installed in the exhaust pipe 38 at 
a location downstream of the first catalyst 40, which gen- 

* 5 erates a signal indicative of the oxygen concentration in 
the exhaust gas, as explained later. 
[0027] Furthermore, a temperature sensor 102 is in- 
stalled in the vicinity of the third catalyst 44 and gener- 
ates a signal indicative of the catalyst temperature TC AT 

20 jn the exhaust system. Another temperature sensor 1 04 
is installed in the adsorbent at a location close to the 
distal end of the second half 74b, but at a position up- 
stream of the distal end by a certain distance, and gen- 
erates a signal tmp.trs indicative of the temperature of 

25 the adsorbent 74. And, a valve timing sensor 1 06 is pro- 
vided in a hydraulic pressure circuit of the variable valve 
timing mechanism 50 and generates a signal indicating 
which characteristic is selected. 

[0028] These output signals generated by the sensors 
30 are forwarded to the ECU 86. 

[0029] Details of the ECU 86 are shown in the block 
diagram of Figure 3. 

[0030] The output of the LAF sensor 98 is received by 
a first detection circuit 116, where it is subjected to ap- 

35 propriate linearization processing for producing an out- 
put characterized in that it varies linearly with the oxygen 
concentration of the exhaust gas over a broad range ex- 
tending from lean to rich. The output of the 0 2 sensor 
100 is input to a second detection circuit 118 which gen- 

^0 erates a switching signal indicating that the air/fuel ratio 
in the exhaust gas emitted from the engine 1 0 is rich or 
lean with respect the stoichiometric air/fuel ratio. 
[0031] The output of the first detection circuit 116 is 
forwarded through a multiplexer 120 and an A/D con- 

45 verier 1 22 to a RAM (random access memory) 1 24 in a 
CPU (central processing unit). Specifically, the CPU has 
a CPU core 130, a ROM (read-only memory) 132 and 
the RAM 124, and the output of the first detection circuit 
116 is A/D-converted and stored in buffers of the RAM 

50 1 24. Similarly, the output of the second detection circuit 
118 and the analog outputs of the throttle position sen- 
sor 92, etc., are input to the CPU through the multiplexer 
120 and the A/D converter 122 and stored in the RAM 
124. 

55 [0032] The output of the crank angle sensor 90 is 
shaped by a wave-form shaper 126 and has its output 
value counted by a counter 128. The count is input to 
the CPU and the engine speed NE is detected or calcu- 
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lated from the count. In accordance with commands 
stored in the ROM 132, the CPU core 130 computes a 
manipulated variable and drives the fuel injectors 26 of 
the respective cylinders via a driver 134. 
[0033] The CPU core 1 30 also drives the electromag- 
netic valve (TRPV) 68 via driver 1 30 to open/close the 
exhaust pipe valve 58 (and the bypass valve 60) through 
the valve actuator 64, and drives the EACV 24 and the 
EGR control valve 84 through drivers 1 38, 140. Moreo- 
ver, the CPU core 130 discriminates whether the ad- 
sorbent 84 deteriorates, as explained below. 
[0034] Figure 4 is a flow chart showing the operation 
of the system, more precisely, the discrimination of de- 
terioration of the adsorbent 74. 

[0035] Before entering into the explanation of the fig- 
ure, the operation will be described as follows. 
[0036] Figure 5 is an explanatory view showing the 
adsorbent 74 housed in the chamber 52. The inventors 
measured the temperatures at four points A, B, C, D and 
the discharged HC amounts (the amount of HC des- 
orbed from the adsorbent 74) at three points, a, p, y, 
illustrated in the figure, and obtained the results as illus- 
trated in Figure 6. 

[0037] Here, A indicates the point upstream and out- 
side of the first half 74a of the adsorbent 74, B indicates 
the point in the first half 74a of the adsorbent 74, C in- 
dicates the point in the second half 74b of the adsorbent 
74, and D indicates the point downstream and outside 
of the second half 74b of the adsorbent 74. And a indi- 
cates the point at a similar position to A, p indicates the 
point between the first half 74a and the second half 74b 
of the adsorbent 74, and y indicates the point at a similar 
position to D. 

[0038] Briefly explaining the behavior of adsorbent 
temperature, as illustrated in Figure 6, the adsorbent 
temperature rises little during adsorbing, but rises 
sharply after the adsorbed amount has reached the limit 
of adsorbing capacity, i.e., a saturation point. In other 
words, the results indicate that the HC discharging due 
to adsorbent desorption at a position downstream of the 
individual adsorbent halves, i.e., at the points (5 and % 
occurs after the temperatures upstream of these points 
(i.e., the points B and C) or at positions downstream 
thereof (i.e., the point D) have begun rising. 
[0039] Thus, since the adsorbent temperature has a 
certain dead time (delay), it will be possible to detect the 
HC discharging from the adsorbent 74 due to the des- 
orption reaction (elimination reaction) by sensing the 
temperature at or downstream of the second half 74b of 
the adsorbent 74, i.e., the temperature at C or D, as il- 
lustrated in Figure 7. More specifically, predetermining 
an appropriate threshold value X.TRS.TLMT, as illus- 
trated in Figure 7, it will be possible to discriminate that 
the HC discharging from the first and second halves of 
the adsorbent 74 due to desorption, has begun when it 
is determined that the temperature at the second ad- 
sorbent half 74b exceeds the threshold value. 
[0040] The above is a well-known fact. 



[0041] The inventors made the present invention not 
based on this well-known fact, but based on the fact that 
the adsorbent temperature or the exhaust gas temper- 
ature downstream thereof remains unchanged while the 

5 HC adsorption is in progress. 

[0042] Specifically, noting the fact that the tempera- 
ture at the second adsorbent half 74b or the exhaust gas 
temperature downstream thereof has a delay or dead 
time (d. TRS, d.TRS') with respect to the engine starting 

io (or the exhaust gas temperature upstream of the first 
adsorbent half 74a as will be explained with reference 
to a second embodiment), the inventors configured the 
invention to conduct discrimination of adsorbent deteri- 
oration. 

75 [0043] More specifically, it is noteworthy that, since 
the dead time (d.TRS, d.TRS') is caused by the HC ad- 
sorption reaction with the adsorbent 74, as illustrated in 
Figure 8, the dead time decreases as the adsorption ca- 
pacity of the adsorbent 74 deteriorates. This can be un- 

20 derstood from Figure 6 where the temperature rise as 
seen at point C lags behind the temperature rise as seen 
at point B. In other words, the temperature at a point of 
greater absorption capacity begins to rise late. 
[0044] Thus, the present invention is based on the 

25 finding that the dead time (d.TRS, d. TRS') shortens as 
the adsorbing capacity of the adsorbent 74 deteriorates. 
From that reason, the system is configured such that, 
as illustrated in Figure 9, the temperature at the point C 
is measured (by the sensor 104) and a timer tm.dtrs 

30 (which is corresponding to the aforesaid dead time d. 
TRS, d.TRS') is used to measure the elapse time until 
the detected temperature becomes greater or equal to 
a threshold value X.TRS.LMT. In the system, when the 
timer value tm.dtrs becomes less than an appropriately 

35 set dead-time threshold value dtrs.lmt, it is discriminated 
that the adsorption capacity of the adsorbent 74 has de- 
creased, in other words, the adsorbent 74 has deterio- 
rated. 

[0045] Based on the above, the operation of the sys- 
40 tern, more precisely, the discrimination of adsorbent de- 
terioration conducted by the ECU 86 will be explained 
with reference to the flow chart of Figure 4. 
[0046] The ECU 86 starts operation when the ignition 
switch is made on and executes the program once every 
45 50msec. 

[0047] The program begins at S10 in which the tem- 
perature tmp.trs (the output of the temperature sensor 
104 installed at the point C) is read and proceeds to S12 
in which it is determined whether the engine 10 has 
50 started. 

[0048] This is done by determining whether the en- 
gine 10 has started cranking and the fuel injection has 
been started. If the cranking has been started, but the 
fuel injection has not been started, it is determined that 
55 the engine 10 has not started. (This may alternatively 
be done by comparing the detected engine speed NE 
with a predetermined speed (e.g., 400rpm) indicating 
that the combustion has completed and by determining 
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that the engine 10 has started if the detected engine 
speed is greater than or equal to the predetermined 
speed.) 

[0049] When the result in S12 is negative indicating 
that the engine has not started, the program proceeds s 
to S14 in which the aforesaid temperature-rise-dead- 
time threshold value dtrs.lmt is retrieved from a table. 
Figure 10 shows the characteristics of the table. As il- 
lustrated, the dead-time threshold value dtrs.lmt is re- 
trieved using an estimated adsorbed HC amount (an es- to 
timated amount of HC adsorbed on the adsorbent 74) 
hcm.hat [g] and the detected temperature tmp.trs. 
[0050] With this, since the adsorption capacity of the 
adsorbent 74 varies with the (estimated) adsorbed HC 
amount hcm.hat and the (detected) temperature tmp. is 
trs, the dead-time threshold value dtrs.lmt can be deter- 
mined properly, thereby enabling to discriminate the de- 
terioration of the adsorbent 74 accurately. 
[0051] As mentioned above, the estimated adsorbed 
HC amount hcm.hat is the amount of HC estimated to 20 
be adsorbed in the adsorbent 74, whose calculation will 
be explained later. For simplicity, although three kinds 
of the threshold value characteristics are illustrated, it is 
alternatively possible to prepare four or more kinds of 
characteristics or other characteristic obtained by inter- 25 
polating the three. 

[0052] The program proceeds to S1 6 in which a value 
tm.dtras(n) of an ex-engine-starting timer (the aforesaid 
timer, sometimes referred to as B ex-engine-starting tim- 
er for adsorbent-deterioration discrimination") is reset to 30 
zero. As mentioned above, the timer measures the time 
until the detected temperature tmp.trs, after engine 
starting, becomes greater or equal to a temperature- 
rise-discrimination threshold value XTRS.TLMT. 
[0053] In this specification and figures, the suffix "n" 35 
means a sampling number in the discrete-time system, 
specifically, the time at which the program of Figure 4 
flow chart is executed, more specifically, (n) indicates 
the current program-execution-time and (n-1) indicates 
the preceding program-execution-time. For brevity, ad- 40 
dition of (n) to values at the current time is often omitted. 
[0054] Returning to the explanation of Figure 4, the 
program proceeds to S1 8 in which the valve actuator 64 
causes the bypass valve 60 to be opened to open the 
bypass exhaust gas passage 56, while the exhaust pipe *s 
valve 58 is closed to block the exhaust gas from flowing 
into the main exhaust gas passage 38a. At the same 
time, the bit of a flag f.hctrs.on is set to 1 indicating that 
the bypass exhaust gas passage 56 is open. 
[0055] When the result in S1 2 is affirmative in the next so 
or later program loop, since this means that the engine 
10 has started, the program proceeds to S20 in which it 
is determined whether the flag f.hctrs.on is set to 1. 
Since the flag was just set to 1 in SI 8, the result is nat- 
urally affirmative, the program proceeds to S22 in which ss 
the estimated adsorbed HC amount hcm.hat [g] is cal- 
culated. 

[0056] Figure 11 is a flow chart showing the subrou- 



tine for this calculation. 

[0057] Explaining this, an estimated value trs. sv of ex- 
haust gas in volume, more specifically its space velocity 
(the relationship between feed rate and reactor volume 
in a flow process; defined as the volume or weight of 
feed per unit time per unit volume of reactor (per unit 
weight of catalyst)), is calculated. As illustrated, the es- 
timated exhaust gas volume trs.sv is calculated by mul- 
tiplying the detected engine speed NE by the detected 
manifold absolute pressure PBA and a coefficient X 
SVPRA. This is a simple approximation of exhaust gas 
volume (space velocity). The coefficient is, for example, 
65.74 when the engine 10 is a 2.2 liter engine. 
[0058] The program then proceeds to S102 in which 
a value X.HCMPRA and the estimated exhaust gas vol- 
ume trs.sv just calculated are multiplied and the result- 
ant product is added to the preceding value of the esti- 
mated adsorbed HC amount hcm.hat (n-1) to calculate 
the current value of the estimated adsorbed HC amount 
hcm.hat (n). Since the estimated adsorbed HC amount 
hcm.hat is updated, this value is stored in the backup 
portion of the RAM 1 24 to be held even after the engine 
10 was stopped. 

[0059] The value X.HCMPRA is an estimated param- 
eter of HC concentration. This estimated parameter may 
be corrected by the degree of activation of the catalysts 
40, 42, 44 determined by the catalyst temperature 
TCAT, or by the engine operating conditions determined 
by the intake air temperature TA, the atmospheric pres- 
sure PA, the temperature of Automatic Transmission 
Fluid, or by the environment conditions around the en- 
gine 10. 

[0060] Again returning to the explanation of Figure 4, 
the program proceeds to S24 in which it is determined 
whether the detected temperature tmp.trs becomes 
greater or equal to the aforesaid temperature-rise-dis- 
crimination threshold value X.TRS.TLMT (e.g., 60° C), 
in other words, it is checked if the detected temperature- 
begins rising. 

[0061] When the result in S24 is negative, since this 
indicates that the adsorbent 74 is adsorbing HC, the pro- 
gram proceeds to S26 in which a predetermined value 
X.TM.TRSJUD is added to the preceding value of the 
ex-engine-starting timer (ex-engine-starting timer for 
adsorbent-deterioration discrimination) tm.dtrs (n-1) to 
increment the same. 

[0062] The program then proceeds to S28 in which it 
is determined whether the timer value tm.dtrs is less 
than a predetermined value X.TRS.MODE. This prede- 
termined value X.TRS.MODE indicates a time limit for 
adsorption, more precisely, an expected time limit (e.g., 
20sec) for adsorption of the adsorbent 74 after the en- 
gine 10 has started, but the catalysts activation is in 
progress. This predetermined value X. TRS. MODE may 
be varied with the engine operating conditions deter- 
mined by the coolant temperature TW, the intake air 
temperature TA, the atmospheric pressure PA, the cat- 
alyst temperature TCAT and some similar parameters. 
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When the result in S28 is affirmative, since this indicates 
that it is within the time limit, the program proceeds to 
S18. 

[0063] When the result in S24 is affirmative, on the 
other hand, since this indicates that the adsorbed HC 
begins desorbing, the program proceeds to S30 in which 
the aforesaid timer value tm.dtrs is held or kept, to S32 
in which it is discriminated whether the adsorbent 74 has 
deteriorated. 

[0064] Figure 12 is a flow chart for the subroutine of 
this discrimination. 

[0065] Explaining this, the program begins in S200 in 
which it is determined whether the timer value tm.dtrs is 
less than the aforesaid temperature-rise-dead-time 
threshold value dtrs.lmt. When the result is affirmative, 
since this indicates that the temperature rise is early, 
specifically, the absorption amount decreases, more 
specifically, it can be discriminated that the adsorbent 
74 has deteriorated, the program proceeds to S202 in 
which the bit (initially 0) of a flag f .trs.agd is set to 1 , and 
to S204 in which a warning lamp (not shown in Figure 
1 ) is turned on to alert this to the vehicle operator. 
[0066] On the other hand, when the result in S200 is 
negative, since this indicates that the temperature rise 
is late, specifically, the absorption amount does not de- 
creases, more specifically, it can be discriminated that 
the adsorbent 74 has not deteriorated, the program pro- 
ceeds to S206 in which the bit of the flag f .trs.agd is reset 
to 0. 

[0067] Returning to the explanation of Figure 4, the 
program proceeds to S34 in which the bypass valve 60 
is closed through the valve actuator 64 to block the ex- 
haust gas from flowing into the bypass exhaust gas pas- 
sage 56, while the exhaust pipe valve 58 is opened to 
introduce the exhaust gas into the main exhaust gas 
passage 38a. At the same time the bit of the flag f.hctrs. 
on is reset to 0 indicating that the bypass exhaust gas 
passage 56 is closed. 

[0068] This is because the supply of exhaust gas to 
the adsorbent 74 should necessarily be discontinued as 
soon as possible when the amount of adsorbed HC has 
reached its limit, since the adsorption can no longer be 
expected, no matter whether the adsorbent 74 has de- 
teriorated or not. If the supply of exhaust gas to the ad- 
sorbent 74 is nevertheless continued, HC desorbed 
from the adsorbent 74 would be emitted out of the en- 
gine 10. However, since the operation is configured in 
the way described above, the system can effectively 
prevent the desorbed HC from being emitted to the air. 
[0069] When the result in S28 is negative, since this 
means that the time limit has expired, the program pro- 
ceeds to S34 to close the bypass exhaust gas passage 
56 for the same reason. 

[0070] Accordingly, the result in S20 is negative in the 
next or later program loop, the program proceeds to S36 
in which it is discriminated whether the desorbed HC 
should be purged (recirculated) into the engine intake 
system. 



[0071] Figure 13 is a flow chart showing the subrou- 
tine for this discrimination. 

[0072] The program begins in S300 in which it is de- 
termined whether the flag f.trs.purge is set to 1 . As will 
5 be explained later, the flag is set to 1 when it is deter- 
mined that the purging has been completed, i.e. the re- 
circulation of the desorbed HC into the engine air intake 
system has been completed. 

[0073] When the result in S300 is negative, since this 
indicates that the purging has not been completed, the 
program proceeds to S302 in which it is again deter- 
mined whether the detected temperature tmp.trs is less 
than the temperature-rise-discrimination threshold val- 
ue X.TRS.TLMT, in other words, it is checked if the de- 
sorption reaction has started. 

[0074] When the result in S302 is negative, the pro- 
gram proceeds to S304 in which the estimated adsorbed 
HC amount hem. hat is held or kept, to S306 in which it 
is determined whether the estimated adsorbed HC 
amount hem. hat is less than or equal to zero. The result 
is normally negative and the program proceeds to S308 
in which the bit of the flag f.trs.purge is reset to 0. 
[0075] When the result in S302 is affirmative in the 
next or later program loop, the program proceeds to 
S310 in which it is determined whether the EGR (Ex- 
haust Gas Recirculation) is in progress. In this system, 
the EGR is conducted at appropriate engine operating 
conditions and the desorbed HC is purged into the en- 
gine intake system together with the recirculated ex- 
haust gas. Since, however, the EGR itself has no direct 
relationship with the basic substance of the present in- 
vention, no further explanation is made. 
[0076] When the result in S310 is negative, since no 
desorbed HC can be purged to the engine intake sys- 
tem, the program proceeds to S304 and on. When the 
result in S310 is affirmative, on the other hand, the pro- 
gram proceeds to S312 in which an estimated quantity 
of EGR flow (estimated value of the recirculated quantity 
of exhaust gas flow) q.egr [g] is retrieved (calculated) 
from a table. 

[0077] Figure 14 shows the characteristics of the ta- 
ble. As illustrated, the estimated quantity of EGR flowq. 
egr is determined by retrieval from the table, using the 
amount of lifting (more precisely, the command of 
amount of lifting generated by the ECU 86) of the EGR 
control valve 84 and the detected manifold absolute 
pressure PBA. 

[0078] Similar to Figure 1 0, although only three kinds 
of characteristics are shown with respect to the manifold 
absolute pressures, for brevity, four or more kinds of 
characteristics are, in fact, used. It is alternatively pos- 
sible to correct the estimated quantity of EGR flow q.egr, 
thus calculated, by the parameter indicative of exhaust 
gas pressure such as the atmospheric pressure and/or 
the exhaust gas temperature. 

[0079] The program next proceeds to S314 in which 
the estimated quantity of EGRflow q.egr is multiplied by 
a value X.HC. PURGE and the product is subtracted 
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from the preceding value of the estimated adsorbed HC 
amount hcm.hat (n-1) to determine the current value of 
the estimated adsorbed HC amount hcm.hat (n). Spe- 
cifically, since the desorbed HC is purged into the engine 
air intake system through the EGR, the estimated ad- 
sorbed HC amount is decreased by the recirculated 
amount. 

[0080] The value X.HC. PURGE is a parameter for es- 
timating the quantity of desorbed HC in the quantity of 
EGR flow. (It is alternatively possible to correct this pa- 
rameter by the engine operating conditions determined 
by the detected (or estimated) temperature tmp.trs, de- 
tected (or estimated) temperature or quantity of heat of 
the exhaust gas, the air/fuel ratio feedback correction 
coefficient and some similar parameters.) 
[0081] The program then proceeds to S306 in which 
it is determined whether the estimated adsorbed HC 
amount, thus corrected, is less than or equal to zero, 
and when the result is negative, the program proceeds 
to S308. When the result in S306 is affirmative, the pro- 
gram proceeds to S316 in which the bit of the flag f.trs. 
purge is set to 1 . As a result, the result in S300 is affirm- 
ative in the next or later program loop and the program 
is immediately terminated. 

[0082] Having been configured in the foregoing man- 
ner, the system according to the embodiment can dis- 
criminate the deterioration of the adsorbent 74 accurate- 
ly. Moreover, when the adsorbed amount of HC has 
reached its limit, the supply of exhaust gas to the ad- 
sorbent 74 should necessarily be discontinued as im- 
mediately as possible, irrespectively of whether the ad- 
sorbent 74 has deteriorated or not, since the adsorbent 
74 can adsorb no more. If the supply of exhaust gas to 
the adsorbent 74 is nevertheless continued, HC des- 
orbed from the adsorbent 74 would be emitted out of the 
engine 10. However, since the operation is configured 
as described above, the system can effectively prevent 
the desorbed HC from being emitted to the air. 
[0083] Figure 15 is a flow chart, similar to Figure 4, 
but showing the operation of the exhaust gas purification 
system according to a second embodiment of the 
present invention. 

[0084] In the second embodiment, a second temper- 
ature sensor 1 08 is added at a position upstream of the 
first half 74a of the adsorbent 74, as illustrated by phan- 
tom lines in Figure 1 . More specifically, in addition to the 
temperature at the point C in Figure 5, the temperature 
at the point A at the entrance of the chamber 52 is meas- 
ured. 

[0085] Explaining the operation of the system accord- 
ing to the second embodiment with reference to the flow 
chart of Figure 15, while putting emphasis on the differ- 
ences from the first embodiment, the program begins at 
S1 0a in which the output temp, in (indicative of the cham- 
ber entrance temperature) of the second temperature 
sensor 108 and the aforesaid output temp.trs of the first 
temperature sensor 104 are read. 
[0086] The program then proceeds to S 12a in which 



14 

it is determined whether the detected temperature tmp. 
in (chamber entrance temperature) is greater than or 
equal to an entrance-temperature-rise -discrimination 
threshold value X.TRS.TLMTIN (e.g., 60° C). 
5 [0087] When the result in S12a is negative, the pro- 
gram proceeds to S14 in which the dead-time threshold 
value is retrieved from the table, to S16a in which the 
aforesaid timer (renamed in the second embodiment as 
"entrance-temperature-ex-rise timer) is reset to zero, 

io and to Si 8 and on. 

[0088] On the other hand, when the result in S12a is 
affirmative, the program proceeds to S20 in which it is 
determined whether the flag bit is set to 1 similarly to 
the first embodiment, and depending on the result, the 

15 program proceeds to S22 or S36. 

[0089] Since the discrimination of adsorbent deterio- 
ration is conducted based on the timing at which the ad- 
sorbent temperature begins rising in the system accord- 
ing to the present invention, it becomes necessary to 

20 estimate or detect the time at which the supply of ex- 
haust gas flow is started. In the first embodiment, the 
time is estimated by that at which the engine 10 has 
started. In the second embodiment, the second temper- 
ature sensor 108 is provided and the time is estimated 

25 from the detected entrance temperature in a more direct 
manner. Specifically, this is done, in Sl2a of the flow 
chart of Figure 15, by determining whether the chamber 
entrance temperature is greater or equal to the thresh- 
old value. 

30 [0090] Having been configured in the foregoing man- 
ner, although the system in the second embodiment is 
more complicated in configuration than that in the first 
embodiment, the system in the second embodiment can 
estimate the time at which the supply of exhaust gas 

35 flow is started more directly In other words, since the 
system in the second embodiment is not suffered from 
the influence on the variance in engine starting time, it 
can discriminate the deterioration of the adsorbent 74 
more accurately. The rest of the configuration as well as 

40 the effect and advantages is the same as that of the first 
embodiment. 

[0091] Here, adding the explanation onto the position 
of the first temperature sensor 104 to be positioned 
downstream of the adsorbent 74, the first temperature 

45 sensor 104 should preferably be installed, as illustrated 
in Figure 16, at a location within a range marked by "a" 
in the figure. In other words, the sensor should be placed 
at a position upstream by a distance "b" from the distal 
end of the second half 74b of the adsorbent 74. 

50 [0092] The reason is first that, since the discrimination 
of adsorbent deterioration according to the present in- 
vention is based on the temperature-rise dead time, the 
discrimination accuracy enhances as the dead time in 
absolute value becomes large, i.e., the adsorbent ad- 

55 sorption capacity up to the location where the tempera- 
ture sensor is installed, increases. 
[0093] The reason is secondly that, the system is con- 
figured such that the bypass valve 60 is placed at the 



EP 0 972 914 A2 



BNSDOCID:<EP 097291 4 A2 I > 



8 



EP0 972 914 A2 



16 



15 

entrance of chamber 52 upstream of the adsorbent 74. 
Therefore, if the temperature sensor 104 is placed just 
at the distal end of the second half 74b of the adsorbent 
74, since the bypass valve 60 is kept open until the tem- 
perature detected by the sensor 1 04 begins rising, if the 
absorbent temperature rises to a value which allows the 
adsorbed HC to desorb, the desorbed HC would be 
emitted to the air. 

[0094] From these reasons, the temperature sensor 
1 04 is placed at the adsorbent second half 74b at a po- 
sition close to its distal end, but before by a distance 
(corresponding to p b B in Figure 16) therefrom. Thus, by 
leaving a certain portion of adsorbent 74 downstream of 
the sensor position, when the temperature detected by 
the sensor has reached a point to begin rising, since the 
left adsorbent portion has not reached to the tempera- 
ture for desorption, the HC desorbed from a portion up- 
stream of the sensor position will be again adsorbed or 
trapped by the downstream left portion, thereby prevent- 
ing the desorbed HC from being emitted immediately to 
the air. 

[0095] Saying the above in reverse, assuming that the 
system is configured such that the bypass valve 60 is 
placed downstream of the adsorbent second half 74b, 
as illustrated in Figure 17, it would be possible to install 
the temperature sensor 104 at its distal end or at a po- 
sition downstream thereof as shown by phantom lines 
in a range "c", since this configuration can decrease the 
desorbed HC emission to the least extent if the valve 60 
is immediately closed when the temperature has 
reached the point of beginning to rise. 
[0096] However, from the reasons mentioned above, 
the temperature sensor should preferably be located at 
a position upstream by "b" from the adsorbent second 
half even when the system is configured as illustrated 
in Figure 17. The same applies whether the system is 
configured to have the bypass valve installed either up- 
stream or downstream of the absorbent. 
[0097] The first and second embodiments are config- 
ured to have a system for purifying exhaust gas gener- 
ated by an internal combustion engine (10) having an 
adsorbent (74), installed in an exhaust system of the en- 
gine, which adsorbs unburned components (HC) of the 
exhaust gas generated by the engine when the engine 
has started, including: a branch (54) which branches off 
an exhaust pipe (38) of the exhaust system of the engine 
and stores the adsorbent; a valve (60) provided at the 
branch; and valve control means (ECU 86, S18, S24, 
S28, S34) for controlling the valve to close or open the 
branch. The characterizing features are that the system 
includes a first temperature sensor (104) for detecting 
at least one of a temperature of the adsorbent (tmp.trs) 
and a temperature at a location downstream of the ad- 
sorbent; time measuring means (ECU 86,S16, S16a, 
S24, S26) for measuring a time (tm.dtrs) until the de- 
tected temperature becomes greater than or equal to a 
predetermined value (X.TRS.TLMT); and adsorbent de- 
terioration discriminating means (ECU 86, S32, S200) 



for discriminating whether the adsorbent deteriorates 
based on at least the measured time. 
[0098] In the system, the time measuring means 
measures the time until the detected temperature be- 
s comes greater than or equal to the predetermined value 
after supply of exhaust gas to the adsorbent is started 
(S12, S12a). 

[0099] The system further includes: engine starting 
determining means (ECU 86, S12) for determining 
io whether the engine has started; and exhaust gas supply 
starting determining means (ECU 86, S 1 2) for determin- 
ing that the supply of exhaust gas to the adsorbent is 
started when the engine is determined to have been 
started. 

is [01 00] The system further includes: a second temper- 
ature sensor (108) for detecting a second temperature 
(tmp.in) upstream of the adsorbent; and exhaust gas 
supply starting determining means (ECU 86, S12a) for 
determining that the supply of exhaust gas to the ad- 

20 sorbent is started based on the second temperature. 
[0101] In the system, the exhaust gas supply starting 
determines means includes: temperature comparing 
means (ECU 86, S1 2a) for comparing the second tem- 
perature with a threshold value (XTRS.TLMTIN); and 

2S determines that the supply of exhaust gas to the adsorb- 
ent is started when the second temperature is deter- 
mined to be greater than or equal to the threshold value. 
[0102] In the system, the adsorbent deterioration dis- 
criminating means includes: comparing means (ECU 

30 86, S32, S200) for comparing the measured time with a 
threshold value (dtrs.lmt); and discriminates whether 
the adsorbent deteriorates based on a result of compar- 
ison. 

[0103] The system further includes: estimated ad- 
35 sorbed unburned component amount calculating means 
(ECU 86, S14) for calculating an estimated adsorbed 
unburned component amount adsorbed by the adsorb- 
ent (hcm.hat); and threshold determining means (ECU 
86, S14) for determining the threshold value (dtrs.lmt) 
40 based on at least the calculated estimated adsorbed un- 
burned component amount. 

[0104] In the system, the threshold determining 
means determines the threshold value (dtrs.lmt) based 
on the temperature detected by the first temperature 
4£ sensor (tmp.trs) and the estimated absorbed unburned 
component amount (hcm.hat). 

[0105] In the system, the adsorbent deterioration dis- 
criminating means discriminates that the adsorbent de- 
teriorates when the measured time (tm.dtrs) is less than 
so the threshold value (dtrs.lmt). 

[01 06] In the system.the valve control means controls 
the valve to close the branch based on at least the de- 
tected temperature (S24). 

[0107] In the system, the valve control means in- 
55 eludes: temperature comparing means (ECU 86, S24) 
for comparing the detected temperature (tmp.trs) with 
the threshold value (X.TRS.TLMT); and wherein the 
valve control means (ECU 86, S24) controls the valve 
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to close the branch when the detected temperature is 
greater than or equal to the threshold value (S34). 
[0108] The system further includes: time measuring 
means (ECU 86, S16, S16a) for measuring a time since 
supply of exhaust gas to the adsorbent is started; and 5 
wherein the valve control means (ECU 86, S28) controls 
the valve to close the branch when the measured time 
(tm.dtrs) is greater than or equal to a predetermined val- 
ue (X.TM.TRSJUD). 

[0109] In the above, it should be noted that, although io 2. 
the deterioration of the adsorbent 74 is discriminated by 
measuring the temperature at the point C (or A and C) 
shown in Figure 5, it will suffice to merely discriminate 
the adsorbent deterioration if any temperature among 
from the points A, B, C and D is used. 
[0110] It should also be noted that, although the be- 
ginning of desorption reaction is determined, in the first 
and second embodiments, based on the temperature in 
S302 of the flow chart of Figure 13, this may be done, 
in the second embodiment, by estimating the overall 
temperature (the first and second halves 74a, 74b) of 
the adsorbent 74 based on the chamber entrance tem- 
perature temp. in indicative of the first half 74a of the ad- 
sorbent 74. 

[011 1] It should further be noted that the bypass valve 
or the exhaust pipe valve may be opened or closed by 4. 
an electric actuator. 

[0112] It should further be noted that the adsorbent 
should not be limited to the type disclosed, any other 
type may be used if it has an excellent heat-proof prop- 
erty. 
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S24, S26) for measuring a time (tm.dtrs) until 
the detected temperature becomes greater 
than or equal to a predetermined value (X.TRS. 
TLMT); and 

adsorbent deterioration discriminating means 
(ECU 86, S32, S200) for discriminating whether 
the adsorbent deteriorates based on at least 
the measured time. 

A system according to claim 1 , wherein the time 
measuring means measures the time until the de- 
tected temperature becomes greater than or equal 
to the predetermined value after supply of exhaust 
gas to the adsorbent is started (S12,S12a). 

3. A system according to claim 2, further including: 

engine starting determining means (ECU 86, 
S12) for determining whether the engine has 
started; and 

exhaust gas supply starting determining means 
(ECU 86, S12) for determining that the supply 
of exhaust gas to the adsorbent is started when 
the engine is determined to have been started. 



Claims 



A system for purifying exhaust gas generated by an 
internal combustion engine (10) having an adsorb- 
ent (74), installed in an exhaust system of the en- 
gine, which adsorbs unbumed components (HC) of 
the exhaust gas generated by the engine when the 
engine has started, including: 

a branch (54) which branches off an exhaust 
pipe (38) of the exhaust system of the engine 
and stores the adsorbent; 
a valve (60) provided at the branch; and 
valve control means (ECU 86, S18, S24, S28, 
S34) for controlling the valve to close or open 
the branch; 



35 



40 



45 



CHARACTERIZED IN THAT: 
the system includes: 

a first temperature sensor (1 04) for detecting at 
least one of a temperature of the adsorbent 
(tmp.trs) and a temperature at a location down- 
stream of the adsorbent; 
time measuring means (ECU 86.S16, S16a, 



so 



55 



A system according to claim 2, further including: 

a second temperature sensor (108) for detect- 
ing a second temperature (tmp.in) upstream of 
the adsorbent; and 

exhaust gas supply starting determining means 
(ECU 86, S1 2a) for determining that the supply 
of exhaust gas to the adsorbent is started 
based on the second temperature. 

A system according to 4, wherein the exhaust gas 
supply starting determines means includes: 

temperature comparing means (ECU 86, S1 2a) 
for comparing the second temperature with a 
threshold value (X.TRS. TLMTIN); 
and determines that the supply of exhaust gas 
to the adsorbent is started when the second 
temperature is determined to be greater than 
or equal to the threshold value. 

A system according to any preceding claim, where- 
in the adsorbent deterioration discriminating means 
includes: 

comparing means (ECU 86, S32, S200) for 
comparing the measured time with a threshold 
value (dtrs.lmt); 

and discriminates whether the adsorbent dete- 
riorates based on a result of comparison. 

A system according to claim 6, further including: 
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estimated adsorbed unburned component 
amount calculating means (ECU 86, S14) for 
calculating an estimated adsorbed unburned 
component amount adsorbed by the adsorbent 
(hem. hat); and 

threshold determining means (ECU 86, S14) 
for determining the threshold value (dtrs.lmt) 
based on at least the calculated estimated ad- 
sorbed unburned component amount. 



8. A system according to claim 7, wherein the thresh- 
old determining means determines the threshold 
value (dtrs.lmt) based on the temperature detected 
by the first temperature sensor (tmp.trs) and the es- 
timated absorbed unburned component amount 15 
(hcm.hat). 

9. A system according to claim 6, 7 or B wherein the 
adsorbent deterioration discriminating means dis- 
criminates that the adsorbent deteriorates when the 2° 
measured time (tm.dtrs) is less than the threshold 
value (dtrs.lmt). 

1 0. A system according to any preceding claim, where- 
in the valve control means controls the valve to 25 
close the branch based on at least the detected 
temperature (S24). 

11. A system according to claim 10, wherein the valve 
control means includes: 30 

temperature comparing means (ECU 86, S24) 
for comparing the detected temperature (tmp. 
trs) with the threshold value (X.TRS.TLMT); 
and wherein the valve control means (ECU 86, 35 
S24) controls the valve to close the branch 
when the detected temperature is greater than 
or equal to the threshold value (S34). 

12. A system according to claim 10, further including: 40 

time measuring means (ECU 86, S16, S16a) 
for measuring a time since supply of exhaust 
gas to the adsorbent is started; 
and wherein the valve control means (ECU 86, 4 & 
S28) controls the valve to close the branch 
when the measured time (tm.dtrs) is greater 
than or equal to a predetermined value (X.TM. 
TRSJUD). 

so 



55 



11 

BNSDOCID: <EP 097291 4A2 I > 



EP0 972 914 A2 




12, 

BNSDOCID: <EP 097291 4 A2 J > 



II * 

EP 0 972 914 A2 



FIG. 2 




BNSDOCID:<EP 0972914A2 I > 



13 



EP 0 972 914 A2 



>5: 




BNSDOCIDkEP 0972914A2 I > 



14 



EP 0 972 914 A2 



FIG. 4 

( START ) 

i 

READ DETECTED 
TEMPERATURE tmp trs 



JL 

HAS ENGINE 
J5TARTE2- 

YES 



S10 



S12 




S20 



S24 



CALCULATE 
ESTIMATED ADSORBED 
HC AMOUNT hem hat 



- tmp.tr 
X TRS TLMT 



-JS22 



S14 



RETRIEVE DEAD- TIME 
THRESHOLD 
VALUE dtrs Imt 



S36 



r-- x 



S30 



HOLD TIMER VALUE 



DISCRIMINATE 
DESORBED HC 
PURGING 



T 



DISCRIMINATE 
ADSORBENT 
DETERIORATION 



S34 
1 



S32 



S16 



RESET EX-ENGINE 
-STARTING TIMER 
tm_dtrs(n)=0 



S26 



INCREMENT 
TIMER VALUE 
tm_dtrs(n)= 
tm dtrs(n-1 ) 
+X TM TRSJUD 



CLOSE BYPASS VALVE 
(OPEN EXHAUST 
PIPE VALVE) 
f hctrs on=0 



tmp dtrs< 
X.TRS.MODE 

YES 



S28 



S18 
_L_ 



OPEN BYPASS VALVE 
(CLOSE EXHAUST 
PIPE VALVE) 
f hctrs on=1 



( RETURN ") 



BNSDOCID: <EP 09729 14A2 I > 



15 



EP 0 972 914 A2 



FIG. 5 



TEMPERATURE 
MEASURED POINTS 




EXHAUST GAS 
SAMPLED POINTS 



16 



EP0 972 914 A2 




BNSDOCID: <EP 09729 14A2 I > 



17 



EP 0 972 914 A2 




EP 0 972 914 A2 




BNSDOCID: <EP 09729 14A2 I > 



19 



EP0 972 914 A2 




BNSDOCID: <EP 097291 4A2 I > 



20 



EP 0 972 914 A2 



FIG. 10 



GREAT* 



dtrs Imt 



0 




LOW tmpjrs 



hem hat 



GREAT 



FIG. 1 1 



c 



ESTIMATED ADSORBED HC 
AMOUNT CALCULATION 



trs sv=NE*PBA*X SVPRA 



hcm_hat(n)= 
hcm_hat(n-l )+X_HCMPRA*trs_sv 



-S100 



-S102 



( RETURN ) 



BNSDOCID: <EP 097291 4A2 I > 



21 



EP0 972 914 A2 



FIG. 12 



C 



ADSORBENT 
DETERIORATION 
DISCRIMINATION 



) 




c 



TURN WARNING 
LAMP ON 



RETURN 



3 



f_trs_adg=0 



S206 
X 



BNSDOCID. <EP 097291 4A2 1 > 



22 



EP 0 972 914 A2 



FIG. 13 



c 



DESORBED HC PURGING 
DISCRIMINATION 



S300 




RETRIEVE q_egr 



I 



S304 
_i_ 



HOLD hem hat 



hem hat(n)=hcm_hat(n-1) | — S314 
-X.HC.PURGE*q_egr 




YES 



f_trs_purge=0 



c 



f_trs_purge=1 
"hem hat=0 



S316 
1 



RETURN 



J 



23 



EP 0 972 914 A2 



FIG. 14 



GREAT* 1 



q_egr 




LIFTING AMOUNT OF 
EGR CONTROL VALVE 



GREAT 



BNSDOCID: <EP 09729 14A2 I > 



2 4* ' 



EP 0 972 914 A2 



FIG. 15 



C START ) 

T 



READ DETECTED 
TEMPERATURES 
tmpjn, tmpjrs 



-S10a 



Jt S12a 
tmp in^ — L NO 
"RS Tl mtin 




XJRS.TLMTIN 
YES 

?Jictrs_on= 1 
YES 



-S20 



S14 



CALCULATE 
ESTIMATED ADSORBED 
HC AMOUNT hem hat 



S24. 



JL 
- tmp trs^ 

-X TRS TLMT- 



_S22 



S36 
X 



Tyes f 



S30 



HOLD TIMER VALUE 



DISCRIMINATE 
DESORBED HC 
PURGING 



DISCRIMINATE 
ADSORBENT 
DETERIORATION 



S34 



S3 2 



RETRIEVE DEAD-TIME 
THRESHOLD 
VALUE dtrs Imt | 


SI 6a 

\ i 


t 


RESET Ef 
-TEMPE 
-EX-RIS 
tm.dtr. 


^TRANCE 
RATURE 
E TIMER 
s(n)=0 



S26 



INCREMENT 
TIMER VALUE 
tm_dtrs(n)= 
tm dtrs(n- 1 ) 
+X_TM TRSJUD 



NO 



CLOSE BYPASS VALVE 
(OPEN EXHAUST 
PIPE VALVE) 
f hctrs on=0 



JL 

tm dtrs< 
X_TRS.MODE 

YES 



S28 



S18 
1 



OPEN BYPASS VALVE 
(CLOSE EXHAUST 
PIPE VALVE) 
f hctrs on=1 



( RETURN ) 



BNSDOCIO: <EP 097291 4A2 I > 



25 



EP 0 972 914 A2 



EXHAUST GAS i 



FIG. 16 




38 



104 



FIG. 17 



EXHAUST GAS i N 



52 



74a 



74? 

_ _is_ 



c 



104 



• 64 
82-^1 



-58 



'60 



c 
38 



104 



BNSDOCID: <EP 0972914A2 I > 



26 



EP 0 072 914 A2 




12 



EP 0 972 914 A2 



FIG. 2 




BNSDOCID: <EP 097291 4A2TI > 



13 



EP 0 972 914 A2 




00 

cn 



O 



05 



CO 

00 



BNSDOCID: <EP 097291 4A2TI > 



14 



EP 0 972 914 A2 



FIGA 

(| START ) 



READ DETECTED 
TEMPERATURE tmp.lrs 



S10 




$20 



S24 



CALCULATE 
ESTIMATED ADSORBED 
HC AMOUNT hcm.ftat 

JL 



S14 
± 



RETRIEVE DEAD- TIME 
THRESHOLD 
VALUE dtrsjmt 



S36 
JL 



tmp tr$£ 
X.TRS.TLMT 




HOLD TIMER VALUE 



DISCRIMINATE 
DESORBED HC 
PURGING 



DISCRIMINATE 
ADSORBENT 
DETERIORATION 



S34 
1 



S32 



SI 6 

_L_ 



RESET EX- ENGINE 
-STARTING TIMER 
tm.dtrs{fi)=Q 



S26 



INCREMENT 
TIMER VALUE 
tm.dtrs(n)= 
tmJbttrsCn- \ ) 
+X tM TRSJUO 



NO 



CLOSE BVPASS VALVE 
(OPEN EXHAUST 
PPE VALVE) 
f hctrs wi-0 



_ S2S 

tmp"dtrs< —^T 
XJRS.MDDE 

~~ YES 



( RETURN *) 



S18 
J 



OPEN BYPASS VALVE 
{CLOSE EXHAUST 
PIPE VALVE) 
f_hctr$_on= 1 



BNSDOCID: <EP 097291 4A2TI > 



15 



EP 0 972 914 A2 



FIG. 5 



TEMPERATURE 
MEASURED POINTS 




3S 



EXHAUST GAS 
SAMPLED POINTS 



BNSDOCID: <EP 097291 4 A2TI > 



IS 



EP 0 972 914 A2 




BNSDOCID: <EP 097291 4A2T1 > 



17 



EP 0 972 914 A2 




EP 0 972 914 A2 




EP 0 972 914 A2 




BNSDOCID: <EP 09729 14A2TI > 



SO 



EP 0 972 914 A2 



FIG. 10 



GREAT* 



dtrs \rnt 




LOW tmpjrs 



hem hat 



GREAT 



FIG. 1 1 



f ESTIMATED ADSORBED HCA 
L AMOUNT CALCULATION ) 



trs_sv=NE*PBA*X_SVPRA 



hom_hat(n)=- 
hcm_hat(n-1 )+"x_HC^PRA*trs_sv 



-S100 



-SI 02 



( RETURN ) 



BNSDOCID: <EP 09729 14A2TI > 



21 



EP 0 972 914 A2 



FIG. 12 



c 



ADSORBENT 
DETERIORATION 
DISCRIMINATION 




1 f 204 


TURN N 
LAM 


'ARNING 
P ON 


i 




< 


{ RETURN } 



BNSDOC!D:<EP 0972914A2TI > 



22 



EP 0 972 914 A2 



FIG. 13 



f DESOR6ED HC PURGING \ 
I DtSCRIMINATION J 

*~ ~ S300 

l_trs_purge= T 

NO S302 
tmpjrs^ — J_ NO 




X TRS TLWT 




RETRIEVE q_egr 



HOLD hem hat 



S304 



hgni_h^t(a)=hcrrt_hatCn- 1 } 
-X_HC_PURGE*CLegf 



■S314 



S3 06 




YES 



f_tr8_purge=;0 



C 



f_trs_purge=l 
hem hat =0 



S3 16 
J 



RETURN 



J 



BNSDOCID: <EP 097291 4 A2TI > 



23 



EP 0 972 914 A2 



FIG. 14 



GREAT 1 




LIFTING AMOUNT OF 
EGR CONTROL VALVE 



24 



EP 0 972 914 A2 



FIG. 15 



( START 



READ DETECTED 
TEMPERATURES 
tmp.in, tmu.tre 



Sl2a 



XJR5JWIN 
YES 



MO 




CALCULATE 
ESTIMATED ADSORBED 
HC AMOUNT hem haf 



S24 



S36 



— j- 
X.TRS_TLMT- 

Tves 



r S20 








SI4 




^S22 


{ 1 


i 


RETRIEVE DEAD- TIME 




THRESHOLD 


NO 


VALUE dtrs Imt 



30 



HOLD TIMER VALUE 



DISCRIMINATE 
DESORBED HC 
PURGING 



J. 



DISCRIMINATE 
ADSORBENT 
DETERIORATION 



S34 



S3 2 



316a 
_J 



I 



RESET ENTRANCE 
-TEMPERATURE 
-EX-RfSE TIMER 
trn_dtj's{n)=0 



S26 



INCREMENT 
TIMER VALUE 

tm.dtrs{n)= 
tm t)trs(n-l) 
♦X.TM.TRSJUD 



NO 



CLOSE BYPASS VALVE 
(OPEN EXHAUST 
PIPE VALVE) 
f heirs on=0 



tm dtrs< 
_TR~S,MODE 

YES 



S28 



S18 
f 



OPEN BYPASS VALVE 
(CLOSE 6XHAUST 

PIPE VALVE) 

f_hctr*^on— 1 
•• ~| 1 



( RETURN ) 



BNSDOCID: <EP 097291 4A2TI > 



25 



EP 0 972 914 A2 



FIG. 16 



EXHAUST GASC 




38 



104 




26 



THIS RAGE BLANK 



(USPTO) 



(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(id EP 0 972 914 A3 

EUROPEAN PATENT APPLICATION 



(oo; Date or puDiication A3. 


(51) Intel. 7 : F01N 3/08, F01N 7/00, 


01.08.2001 Bulletin 2001/31 


F01N 11/00 


(43) Date of publication A2: 




HA AH onnn n la ii _ isaah /no 

19.01.2000 Bulletin 2000/03 




Application number: 99305652.2 




(22) Date of filing: 16.07.1999 




(84) Designated Contracting States: 


• Akazakl, Shusuke 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


1-4-1 Chuo, Wako-shl, Saltama-ken (JP) 


MC NL PTSE 


• Iwaki, Yoshlhlsa 


Designated Extension States: 


1-4-1 Chuo, Wako-shl, Saltama-ken (JP) 


AL LT LV MK RO SI 


• Ueno, Masakl 




1-4-1 Chuo, Wako-shl, Saltama-ken (JP) 


(30) Priority: 16.07.1998 JP 21858898 


• En do, Tetsuo 


1-4-1 Chuo, Wako-shl, Saitama-ken (JP) 


(71) Applicant: HONDA GIKEN KOGYO KABUSHIKI 


• Haga, Takashi 


KAISHA 


1-4-1 Chuo, Wako-shl, Saitama-ken (JP) 


Minato-ku, Tokyo (JP) 




(74) Representative: Tomlinson, Kerry John et al 


(72) Inventors: 


Frank B. Dehn & Co., 


• Yasui, Yuji 


European Patent Attorneys, 


1-4-1 Chuo, Wako-shi, Saltama-ken (JP) 


179 Queen Victoria Street 


• Satoh, Tadashi 


London EC4V 4EL (GB) 


1-4-1 Chuo, Wako-shl, Saltama-ken (JP) 





(54) Exhaust gas purification system of internal combustion engine 



(57) A system for purifying exhaust gas generated 
by an internal combustion engine (1 0) having an adsorb- 
ent (74), installed in an exhaust system of the engine, 
which adsorbs unbumed components of the exhaust 
gas such as hydrocarbons generated by the engine. The 
system has a first temperature sensor (1 04) for detect- 



ing a temperature of the adsorbent and a timer (ECU 
86) for measuring a time until, the detected temperature 
becomes greater than or equal to a predetermined val- 
ue; when the measured time is less than a threshold val- 
ue, it is discriminated that the adsorbent deteriorates. 
With this, the deterioration of the adsorbent can be dis- 
criminated accurately. 




CL 

LU 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP 097291 4A3 I > 



EP 0 972 914 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 5652 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation oi document with indication, where appropriate, 
oi relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION QnLCLT) 



PATENT ABSTRACTS OF JAPAN 

vol. 018, no. 374 (M-1638), 

14 July 1994 (1994-07-14) 

& OP 06 101452 A (NISSAN MOTOR CO LTD), 

12 April 1994 (1994-04-12) 

* abstract * 

US 5 555 724 A (KOMATSUDA TAKASHI ET AL) 
17 September 1996 (1996-09-17) 

* column 1, line 36 - column 2, line 7 * 



1,2 



F01N3/08 
F01N7/00 
F01N11/00 



1.2 



US 5 765 369 A (HODAIRA KINJI 
16 June 1998 (1998-06-16) 
* claims 17-23 * 



ET AL) 



EP 0 754 841 A (BAYERISCHE M0T0REN WERKE 
AG ; VOLKSWAGENWERK AG (DE); DAIMLER BENZ) 
22 January 1997 (1997-01-22) 
* abstract * 



US 5 388 405 A (FUJISHITA MASAKATSU 
AL) 14 February 1995 (1995-02-14) 
abstract * 



ET 



1,2 



TECHNICAL FIELDS 
SEARCHED (irrt-CLT) 



F01N 



The present search report has been drawn up for all claims 



Ptace of scare*-. 

MUNICH 



Datocrf ocmptotrenof the 

5 June 2001 



Ejsamn 

Tatus, W 



o 

& _ 



CATEGORY OF CITED DOCUMENTS 

X : oartlcularty relevant If taken alone 

Y * Darticularty relevant If combined with another 

document of the same category 
A : technological background 
O : non -written disclosure 
P : ntermediate document 



T : theory or principle underlying :he Inventicr. 
E : carter patent document, but pL Wished on, or 

after the filing dale 
D : document died in the application 
L : document cited for other reasons 

& ": nemtet'ot The ' same patent family, corresponding 
document 



2 



BNSDOCID: <EP 097291 4 A3 I > 



EP 0 972 914 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 5652 



This annex lists the patent family members rotating to the patent documents cited In the above-mentioned European search report. 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office Is In no way Cable for these particulars which are merely gh/en for the purpose of Information. 

05-06-2001 



Patent document 




Publication 




Patent family 




Publication 


cited in search report 




date 




member(s) 




date 


JP 06101452 


A 


12-04-1994 


JP 


3010927 


B 


21-02-2000 


US 5555724 


A 


17-09-1996 


JP 


7208149 


A 


08-08-1995 


US 5765369 


A 


16-06-1998 


JP 


8218850 


A 


27-08-1996 








DE 


19527490 


A 


01-02-1996 








JP 


8093458 


A 


09-04-1996 


EP 0754841 


A 


22-01-1997 


DE 


19526765 


A 


23-01-1997 








JP 


9032538 


A 


04-02-1997 


US 5388405 


A 


14-02-1995 


JP 


3083599 


B 


04-09-2000 








JP 


5149131 


A 


15-06-1993 








JP 


2000320324 


A 


21-11-2000 








US 


5560201 


A 


01-10-1996 








US 


5937637 


A 


17-08-1999 



w For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



BNSDOCID: <EP 09729 14A3 I > 



THIS PAGE BLANK <usph» 



